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AERONAUTICAL SYMBOLS 
1. FUNDAMENTAL AND DERIVED UNITS 
Length ____ _ 
Time ______ _ 







meter ___________________ _ 
second __________________ _ 







foot (or mile) _________ ft. (or mi.) 
second (or hour) _______ sec. (or hr.) 
weight of one pound lb. 
PoweL_ __ __ P kg/m/sec_ _ _______________ _______ ___ horsepower _ __ _____ ___ HP. 
S d {km/hr ------------------- --- ------- mi./hr ________________ M. P. H. pee - - --- - - -- -- - - -- - m/sec_ _ _ __ _ _ _ _ _ _ __ __ _ __ __ _ _ _ _ _ _ __ _ _ ft ./sec___ _ _ _ _ _ _ _ _ __ _ _ _ f. p. 8 . 
2. GENERAL SYMBOLS, ETC. 
W, Weight,=mg 
g, Standard acceleration of gravity=9.80665 
_ m/sec. 3 =32.1740 ft./sec.3 
W 
m, Mass,=-g 
p, Density (mass per unit volume). 
Standard density of dry air, 0.12497 (kg-m-4 
. sec.') at 15° C and 760 lllm=0.002378 (lb.-
ft.-4 sec.2). 
Specific weight of "standard" air, 1.2255 
kg/ms = 0.07651 lb. /ft.s 
mJc3, Moment of inertia (indicate axis of the 
radius of gyration, k, by proper sub-
script). 
S, Area. 
Sw, Wing area, etc. 
G, Gap. 
b, Span . 
c, Chord length. 
b/c, Aspect ratio. 
1, Distance from c. g. to elevator hinge. 
}J., Coefficient of viscosity. 
3. AERODYNAMICAL SYMBOLS 
V, True air speed. 
q, Dynamic (or impact) pressure=~ p va 
L, Lift, absolute coefficient OL=:S 
D, Drag, absolute coefficient OD = ~ 
0, Cross - wind force, a b so l ute coefficient 
o 
OC=qB 
R, Resultant force. (Note that these coeffi-
cients are twice as large as the old co-
efficients L c, Dc.) 
~w Angle of setting of wings (relative to thrust 
line). 
~t, Angle of stabilizer setting with reference to 
thrust line. 
'Y, Dihedral angle. 
Vl Reynolds Number, where l is a linear 
p --;' dimension. 
e. g., for a model airfoil 3 in. chord, 100 
mi./hr. normal pressure, 0° C: 255,000 
and at 15° C., 230,000; 
or for a model of 10 cm chord 40 m/sec, 
corresponding numbers are 299,000 
and 270,000. 
Op, Center of pressure coefficient (ratio of 
distance of O. P. from leading edge to 
chord length) . 
{j, Angle of stabilizer setting with reference 
to lower wing, = (it -iw). 
a , Angle of attack. 
E, Angle of downwash. 
REPORT No. 317 
WIND TUNNEL TESTS ON A SERIES OF WING MODELS 
THROUGH A LARGE ANGLE OF ATTACK RANGE 
PART I-FORCE TESTS 
By MONTGOMERY KNIGHT and CARL J. WENZINGER 
Langley Memorial Aeronautical Laboratory 
U. S . GO VER NM ENT PRIN TI N G O FF ICE: 1929 
NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 
A VY BUILDING, W ASIDNGTON, D. C. 
(An independent Government establisbment, created by act o[ Congress approved farcb 3, 1915, [or 
the supervision and direction o[ the scientific study o[ tbe problems o[ fligbt. It consists o[ 15 members 
who are appointed by tbe President, all o[ whom serve as such witbout compensation.) 
JOSEPH S. AMES, Ph. D., Chairman. 
Pre ident, Johns Hopkins niversity, Baltimore, Md. 
DAVID W. TAYLOR, D. Eng., Vice Chairman. 
Washington, D. C. 
CHARLES G. ABBOT, Sc. D ., 
Secretary, mithsonian Institution, Washington, D. C. 
GEORGE I . BURGESS, Sc. D., 
Director, Bureau of tandards, Wa hington, D . C. 
WILLIAM F. D RAND, Ph. D., 
Professor Emeritus of Mechanical Engineering, taniord University, California. 
JAME E. FECHET, 1Iajor General, United tates Army, 
Chief of Air Corp, War Department, Wa hington, D. C. 
WILLIAM E. GILLMORE, Brigadier General, United States Army, 
Chief, Materiel Division, Air Corps, Wright Field, Dayton, Ohio. 
HARRY F. GUGGENHEIM, M. A., 
President, The D an iel Guggenheim Fund for the Promotion of Aeronautics, Inc., ew 
York City. 
EMORY . LA ' D, Captain, United States avy. 
WM. P . MACCRACKEN, Jr., Ph . B., 
Assi tant Secretary of Commerce for Aeronautics. 
CHARLES F. MARVIN, 1\1. E. , 
Chief, nited States Weather Bureau, Washington, D. C. 
WILL[AM A. MOFFETT, Rear Admiral , nited tates Navy, 
Chief, Bureau of Aeronautics, avy D epartment, Washington , D. C. 
S. W. S'l'RATTO , Sc. D., 
President Massachusetts Institute of Technology, Cambridge, Mass. 
EDWARD P. WARNER, M. S., 
ambridge, Ma s. 
ORVILLE \VRIGHT, e. D ., 
Dayton, Ohio. 
GEORGE W. LEWIS, Director of Aeronautical Research. 
JOHN F. VICTORY, Secretary. 
HENRY J . E. REID, Engineer in Charge, Langley Memorial Aeronautical Laboratory, 
Langley Field, Va. 
J OHN J. IDE, Technical A ssistant in Europe, Paris, France. 
EXECUTIVE CO MMITTEE 
JOSEPH S. AMES, Chairman. 
DAVID W. TAYLOR, Vice Chairman. . 
CHARLES G. ABBOT. 
GEORGE Ie B URGE s. 
J AME E. FECHET. 
WILLIAM E. GILLMORE. 
EMORY'. LAND. 
JOHN F. VICTORY, Secretary. 
CHARLES F. MARVIN. 
WILLIAM A. MOFFETT. 
. W. TRATTON. 
ORVILLE WRIGHT. 
REPORT No. 317 
WIND TUNNEL TESTS ON A SERIES OF WING MODELS THROUGH A 
LARGE ANGLE OF ATTACK RANGE 
PART I. FORCE TESTS 
By MONTGOMERY KNIGHT and CARL J. WEN'IZINGER 
SUMMARY 
This investigation covers jorce tests through a large range oj angle oj attack on a series oj mono-
plane and biplane wing models. The tests were conducted in the atmospheric wind tunnel oj the 
National Advisory Oommittee jor Aeronautics. The models were arranged in such a manner as to 
make possible a determination oj the effects oj variations in tip shape, aspect ratio, flap setting, 
stagger, gap, decalage, sweep bacle, and airjoil profile. The arrangements represented most oj the 
types oj wing systems in use on modern airplanes. 
The effect oj each variable is illustrated by means oj groups oj curves. In addition, there are 
included approximate auto rotational characteristics in the jorm oj calculated ranges oj "rotary 
instability. " 
A correction jor blocking in this tunnel which applies to monoplanes at large angles oj attac7c 
has been developed, and is given in an appendix. 
INTRODUCTION 
The need of greater safety in airplane flight lead to a consideration of the characteristics 
of wing systems at low speeds or large angles of attack. In general, the region of danger lies 
above the angle of maximum lift, and comparatively little information has been published relating 
to the landing, spinning, stability, and controllability of airplanes in this region. 
In order to augment the information on thi subject, a comprehensive test program is 
being carried out in the atmospheric wind tunnel at the Langley Memorial Aeronautical Labor-
atory. This program includes force, pressure distribution, and autorotation te ts on a serie of 
models representing most of the wing systems in use on modern airplanes. The angle of 
attack range of the tests is sufficiently large to cover practically all attitudes attainable by an 
airplane in fugh t. 
The force test part of the program has been completed, and the results have alI'eady been 
published in part. (Reference 1. ) The present report gives the complete information as to 
lift, drag, and resultant force, and also includes the calculated probable ranges of "rotary in-
stability," an important phase of autorotation. With reference to rotation about a fi,xed axis 
in the plane of symmetry, and parallel to the wind direction, certain terms relating to autoro-
tation are of importance, and may be defined as follows: 
1. "Rotary instability" signifies a state of equilibrium in rectilinear motion such that 
rotations caused by small disturbances will increase in rate until a uniform angular velocity 
has been attained. 
2. "Rotary stability" signifies a state of equilibrium in rectilinear motion such that rota-
tions caused by small disturbances will decrease in rate until the angular velocity becomes zero. 
3. tt Neutral rotary equilibrium " signifies that state of equilibrium existing between the 
conditions of rotary stability and instability. 
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MODELS AND TESTS 
The wing models which were constructed of laminated mahogany had a 5-inch chord and 
an aspect ratio of 6, except as noted in Tables I and II. The Olark Y profile was employed in 
all but a few of the tests in which the J. A. O. A. M-1 profile was used. With the exception 
of tho e tes ted to show tip eff(:}lJts, circular tipped models were used throughout. 
The upper and lower wings of the biplane models were connected by means of two stream-
lined struts spaced 0.6 chord length apart, located along the span, 0.45 chord length from the 
leading edge and equidistant from the midspan. The e trut fitted into sockets built into the 
winO's. The sockets were de igned 0 that the struts could be inclined in a fore and aft direction, 
and clamped rigidly in po ition. This arrangement, u ed in combination with struts of different 
length, made it po sible to vary gap, stagger, and decalage as desired. 
All of the force te ts were conducted in the 5-foot atmospheric wind tunnel (Reference 2), 
which has a circular , closed-throat test section. The models were mounted in the wind tunnel 
on the u~ual wire balance as shown in Figure 1. 
The tests were arranged to enable the determination of the effects produced by the varia-
tion in the wing models shown in Tables I and II. Lift, drag, and pitching moment were 
FIGURE l.- Biplane set up in wind tunnel 
measured for angles of attack ranging from - 45° to + 90". Due io the nature of the set-up, 
i t was necessary for the complete test on each model to be made in three parts, the angle of 
attack range of one part overlapping by a few degrees that of the next. 
The tests were conducted at an average dynamic pressure of 19.93 kg. per m2 correspond-
ing to an average air speed of 17.9 meters per s~cond (40.0 M. P. H.), and an average Reynolds 
umber of 153,000. 
All drag readings were corrected for the drag of the supporting system. The biplane strut 
drag was found to be negligible, and was therefore disregarded. 
The test results are not corrected for tunnel wall interference for the following rea on : 
a. The Prandtl correction for tunnel wall interference effects on the wing-tip vortices i 
known to be accurate only up to maximum lift. In general, it appears that at about 25° angle 
of attack this correction becomes negligible. However, between the angle of maximum lift 
and 25° the amount of the correction is not known, and in consequence it has been omitted. 
b. At approximately 25° the blocking of the air flow by the model causes an increase in 
effective dynamic pressure in the region of the model. This effect reaches a maximum at an 
Variable 
WI D T NEL FORCE TE TS 
Tip 
TABLE I 




Prollle Figure Ko. 
-- --- ---------- ------------
Tip_ _ _ _ _ _ _ __ _ __ __ _ _ _ _ _ _ RectangulaL _____ _ _ 
Negative rake ______ _ 
Circular ___________ _ 
Aspect ratio _________________ c10 ____________ _ 
1= = = = = ~~ === = = = = = = = == = Flap (20 per cent chord) _ _____ c1o ____ ~ _______ _ 
_____ c1o ____________ _ 
_____ d ____________ _ 
1= = = = = ~~ = = = = = = = = = = = = = Profile ____ -- __ -- _______ 1_ - - - _c1o __ - - - - - - - - - --














0 ____________ Clark Y _________ _ 
0 ___________ _ _____ do __________ _ 
O _________________ clo __________ _ 
g= = == == = == = = =1== = = = ~~ == = = === ==== 15° up __________ __ clo __________ _ 0° _____ __________ do __________ _ 
15° clol\'lL ____ I _____ d __________ _ 
25° dO\YTI __________ c1o __________ _ 
30° dOWll __________ do __________ _ 0 _________________ c1o __________ _ 
0____________ . A. C. A.- ML __ 
TABLE II 
BIPLANE WING TESTS 
10° Sweep back Profile 
2, 3, 4, 5, 6, 7. 
7,8,9,10,11,12. 
7, 13, 14, 15, 
16,17,18,19. 
7,20,21,22, 23 . 
Variable Stagger c~~~~ Deca· lage Figure No. 
Per cent 
Sta ggeL ______ - 25 1. 0 
Gap _ ______ _ 
DecaJage ____ _ 
Sweep b ack 1 __ 
Profile _ _____ _ 
o 1.0 
+ 25 1. 0 
+ 50 1. 0 
o 1.5 
o 1. 0 
o 0.5 
81i:8 
0 1 1.0 
o 1.0 
o 1.0 
+ 50 1. 0 























Upper wing Lower wing Upper wing Lower wing 
0 ___ __ _____ 0 __________ 1 Clark y -------- Clark Y --- - -- --0 __________ 0 ______________ _ do ______________ do ____ ____ _ 24, 25, 26, 27, 28, 
29, 30. 0_ --- _ -- - - _ 0 ___ -- _____ I ____ _ do _________ 1_ -- - _do ___ - -- - --
0_ -- _ -- _ -- _ 0_ -- _______ 1_ - - - _do _ - - - - -- - - - -- - _do __ -- - ----I 0 ____ _____ _ 0 _____ __________ clo ______________ clo _________ 2 ,31,32, 
0 __________ 0 _______________ clo _________ _____ do ____ ___ __ 33, 34, 
0 __________ O. ______________ cl ________ J _____ do ____ ____ _ 35. 
g========== g========J=====~~========= =====~~========= 2 !~~6, g~: StraighL ___ \veep bacL _____ clo ___ ______ ' _____ clo ________ 41,42 43,
SwecI bacL StraighL ___ --- __ clo _____ -- __ 1_ - - - _clo __ - - - - - - - 44, 45, 
___ clo _________ ___ clo __________ clo ______________ clo _________ 46,47. 
Straight. ____ Sweep back ______ clo ______________ d _______ _ 
0 __________ 0 _______________ clo ______________ 10 ____ _ 
0 _________ 0 _______________ do _________ N. A .. A. - ML 
0 __________ 
1 
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angle of attack of about 90 0 for a given wing. Tests have been made from which a correction 
for blocking has been derived, and the resLllts are given in the appendix. This corr ction, how-
ever, applie to monoplane only, and hence it ha not been u ed in thi report, which covers 
biplane as well as monoplanes. The determination of the blocking corrections for biplane 
wings is a problem which req Jires further research. 
The lift, drag, and pitching moment were measured in general to witbin an accUTacy of ± 1.5 
per cent. In the con truction of the wing model the tolerance with reference to the airfoil 
ordinates wa ± 0.003 inch. 
RESULTS 
For purpose of direct comparison, the te t results are presented in groups of CUTves and 
diagrams, each group howing the effects of one of th variables as li ted in Tables I and II. 
These groups, given in Figures 2 to 52, are arranged for each variable in four consecutive sections 
as follows: 
(a) Absolute lift and drag coefficients vs. angle of attack (OL and OD vs. a). 
(b) Polars (OL vs. OD). 
(c) Oenter of pressure coefficients vs. angle of attack (Op vs. a). 
(d) Vector diagram. 
In the center of pre sure curves for the monoplanes, the plott d points repre ent the inter-
ection of the resultant force vectors with the wing chord line. Similarly, the "mean chord" 
(halfway between the chords of the upper and low I' wing a indicated on the vector diagrams) 
of the biplane models was used in obtaining the Op values. It hould be borne in mind that the 
Op curves illu tI'ated hold good only for the base lines a sum d, and that any other reference 
lines would give different re ult . 
Lift and drag coefficients and angle of attack for each omplete force te t are given in 
Tables IV to L,,{VIl, inclu ive. 
The calcu lated probable ranges of "rotary in tability" for each model te ted are indicated 
in T able III. The e range were obtained by noting the point on the polar curves at which 
radial lines through the origin were perpendicular to the curve. Each point of inter ection 
ignifie a tate of "neutral rotary equilibrium," as previou ly defined, and is shown a such 
on the comparative polar curve group. Then where the lope of the curve i negative between 
the e points with re pect to the radial lines, the wing model wjJl be capable of autorotation, i. e. , 
will be in a state of "rotary instability." The negative slope indicates a decr asing resultant 
force with increasing angle of attack, and this i the criterion for "rotary in tability," which 
may be expres ed a -
d (OR) < 0 
da 
ee Reference 3 for derivation), where On is the absolute coefficient of l' ultant force, and a is 
the angl of attack of the wing. Thi criterion, however, i an approximation, subject to the 
limitations of the " trip method" of autorotation calculation, which a ume a uniform dis-
tribution. of the re ultant force along the span, for the wing in rectilinear motion. 
DISCUSSION OF RESULTS 
A general survey of the curve and diagram demon trate the appreciable effects which 
changes in the geometry of wing ystems have on lift, draa, and center of pre ure, particularly 
at large angle of attack. It will be noted that the effect on drag is the mo t marked, and the 
influence of tagger is greater than that of gap or decalage. The effects of variations in stagger, 
gap, and swcep back, at the large angles of attack, are largely due to the partial hielding of 
the biplane upper wing by the lower. (Ref renee 4.) 
Referring now to the curve in greater detail, the effects of the variables on the aerody-
namic characteri tics of the wing models may be Ii ted as follow : 
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MONOPLANES 
1. TIPS 
LIFT (figs. 2, 3): 
:Maximum OL is highest for rectangular tips, next for negative raked tips, and lowest for 
the circular tips, although the difference is small. 
DRAG (figs. 2, 3): 
Minimum OD hows little difference, and in general OD is much the ame for the three 
models with different tip hape. 
OEl TER OF PRESSURE (fig. 4, 5, 6, 7): 
The 011 curve show little variation for the three different tips, and the differences may be 
explained a due to the different di po itions of the wing area. 
2. ASPECT RATIO 
LIFT (figs. ,9): 
Maximum OL increa e with increa e of aspect ratio. The lope of the lift curve below 
maximum OL becomes greater due to the decrea e in the induced angle of attack. Thi decrease 
is al 0 partly due to tunnel wall interference. 
DRAG (figs. 8, 9): 
Minimum OD i practically the arne for the a pect ratio investigated. The effects of 
a pect ratio and the tunnel wall on induced drag are apparent below maximum lift. Above 
20° ano-Ie of attack, OD increa es in the order of the aspect ratio and the difference are due in 
great measure to blocking effer,ts at large angles. 
OEN'I'ER OF PRESSURE (fig. 7, 10, 11, 12): 
The 011 curves for the different a pect ratios covered in the te ts are practically the arne. 
3. FLAP 
LIFT (fig . 13, 14): 
faximum CL increa e with increa ino- flap angle in the downward direction, and occur at 
slightly lower angle of attack. Moving the flap downward through a given angle increa es the 
lift by an amount approximately equal to the decrea e produced by moving it up through the 
arne ano-Ie. It will be noted that in FiglU"e 13, just beyond each of the primary and econdary 
lift peaks the change in lift are small. 
DRAG (figs. 13, 14): 
Above zero angle of attack the drag increase in a regular manner, both with increasing 
angle of attack and with flap moving from up to down postions. 
ENTER OF PRESSURE (figs. 7, 15, 16, 17, 1 ,19): 
For angle of attack above zero lif t the O. P. travel become maIler with decreasing flap 
angle, due to the decrease of the effective camber of the wino-. yYith the flap di placed up-
ward 15°, the travel is backward above zero lift. For flap etting of from 15° to 30° down, the 
Op curves are much the ame above zero lift, but are di placed to the rear with re pect to the 
neutral flap curve. Attention i called to the marked difference in the hape of the curve for 
the 15° upward and downward flap di placement below zero lift. 
4. PROFILE 
LIFT (figs. 20, 21): 
Maximum OL i much higher for the lark Y than for the ymmetrical N. A. O. A.- Ml. 
The angle of zero lift is higher for the . A. O. A.-M1, due to its straight mean camber line. 
DRAG (fig. 20,21): 
From -3° to + 0, the drag of the . A. . A.-M1 i les than that for the Olark Y, and is 
greater from + ° to 1 ° bove 1 0, and below - 3°, OD for the N. A. O. A.-M1 i the lower. 
( 
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CENTER OF PRES URE (fig. 7, 22, 23): 
The O. P. travel for the J. A. C. A.-M1 is practically negligible from - 6° to + 6° anglo 
of attack, and then move rearward. The Clark Y, however, has a forward motion of O. P. up 
to 12° angle of attack, and rearward beyond this angle. 
BIPLANES 
5. STAGGER 
LIFT (fig . 24, 25): 
Ma:\.'imum OL increases with increase of tagger up to + 25 per cent and then remains the 
same for 50 per cent tagger, although occurring at a lightly smaller angle of attack. 
DRAG (fig. 24, 25): 
Minimum OD is highe t for the zero stagger. Above the angle of maximum OL, however, 
OD increa es greatly with increa e in tagger. The e effect on drag at the large angle of attack 
are due mainly to the partial shielding of the upper wing of the biplanes by the lower. 
CENTER OF PRE SURE (fig. 26, 27, 2 , 29, 30): 
The di tance traveled back by the O. P. above maximum OL become greater with increasing 
taggeI'. The peculiar behavior of negative tagger at large angle of attack hould be noted. 
6. GAP 
LIFT (fig. 31, 32): 
Maximum OL increases up to Gle ratio of 1.0 where it appear to remain constant for Gle 
ratio increase, although the lope of the lift curve become greater wi.th higher Gle ratios. This 
i due to the decrease in induced angle of attack with increa ing gap. 
DRAG (figs. 31, 32): 
Minimum OD is approximately the ame for the Gle ratios te ted. For the large angles of 
attack, OD increa e with increa ing Gle ratio. 
CE TER OF PRE SURE (fig. 2 , 33, 34, 35): 
A the Gle ratio i increa ed, the O. P. above maximum lift recede farther with increase of 
angle of attack up to 50°, although not as far as for the fltaggered biplanes. 
7. DECALAGE 
LIFT (figs. 36, 37): 
Positive and negative decalage cause a lower maximum OL than zero decalage, but tho 
magnitude is about the same for the same value of decalage, plu or minu. For positive 
decalage, maximum OL occurs at a malleI' angle f attack, and that of negative decalage at a 
larger ano-Ie than that for zero decalage. 
It can also be seen that the lift and drag curves for positive or negative decalage are hifted 
by an approximately constant angle to one or the other ' ide of those for zero decalage. ince 
the lower wing of the biplane wa set at ± 3° with respect to the upper wing at zero lift, the 
"effective" angle of attack become respectively 1.5° minus or plus the angle of attack of zero 
lift for no decal age. 
DRAG (figs. 36, 37): 
Maximum OD shows little difference for the angles of decalage investigated, but OD increases 
with increase of decalage. 
CE TER OF PRE S RE (figs. 2 , 38, 39, 40): 
egative decalage cause a more rapid rece ion of the O. P. above maximum OL, with 
increase of angle of attack, than does either zero or posi.tive decalage. The sharp peak on the 
- 3° cw-ve i I' markable. 
The effects of decalage are not as great as th0se produced by stagger, but they are greater 
than tho e due to chan~es in gap. 
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. SWEEP BACK 
LIFT (figs. 41, 42): 
11a)..rimum OL occur~ at about the same angle 0f attack for all conditions te ted. OL i 
highest fot' + 50 per cent stagger at mid pan with the upper wing wept back, and lowe t for 
the same combination with zero taggeI'. 
The similarity is "Very striking between the lift curve of the two combination with upper 
wing swept back, + 50 per cent mid pan tagger, and lower wing wept back, zero stagger. 
The other two combination te ted are al 0 very imilar, and this indicate that weep back 
in one wing is, effectively, tagger. 0 appreciable difrerence is hown whether the stagger 
used with the wept-back wino- is at the tips or at mid pan. 
DRAG (fig. 41, 42): 
The similarity between the drao- curve of the ame pau· of combination as noted in the 
case of lift, is Yery noticeable, and also indicate that weep back in one wing is, in effect, stagger. 
CE TTER OF PRESS RE (fig. 43, 44, 45, 46, 47): 
The mo t noticeable effect brought out by the 0." curve is the fairly clo e resemblance 
between the re ult for the biplane with upper wing wept back, zero midspan tagger, and 
that with the lower wing wept back, - 50 per cent midspan stagger . 
9. PROFILE 
LIFT (fig. 49, 50): 
The N. A. C . • \..- M 1 in combination with the Clark Y gives a low r ma:Kimum OL than 
with both wing Clark Y, and the lift curve ha e more round d peak. 
DRAG (figs. 49, 50): 
Minimum OD i lightly lower for the combination of . A. C. A.- 11 wing lower and 
Clark Y upper. In general, with both wings Olark Y, the drag i lightly higher at large angles 
of attack. 
OE TER OF PRESSURE (fig. 2 , 4 , 51, 52): 
The Op curves for the three combination te ted do not how any great variations. The 
combination of the . A. . A.-M1 lower wing and Olark Y upper wing is probably the mo t 
de irable from the tandpoint of safety, due to the mailer lope of the curve in the region of 
the angle of ma)"-imum OL, which means les in tability lono-itudinally. 
10. ROTARY I NSTABI LITY 
Frolll !1 ("ollsidrmLion or Lbe ralculaLed range of roLary in tability (Tab le II!) , thc follow-
mg points may be noted: 
None of the monoplane how any tendency toward autoroLation above 26°, but t he biplanes 
indicate additional autorotational tend en ies above this angle. 
Po itive tagger is seen to reduce the tendency of the biplane to autorotate at the large 
angle , while increa e in gap within practical limits has a imilar effect, only to a smaller degree. 
weep back arranged so as to o-ive positive tagger at the tips appear to reduce the range 
o[ rotary in tal ility at large ano-le of attack. Geometrically, weep back in one wing o[ a biplane 
i merely a progres ive change in tagger along the pan. The criterion for rotary in tability 
i ba ed on the assumption of uniform pan loadino-, and [or this rea on the point of neutral 
rotary equilibrium are only roughly approximate for the swept-back wing combination. 
Decalage eem to have no appreciable effect in reducing the rotary in tability ranges of 
the biplanes. 
CO CLUSIONS 
ince these force test have been made at the low Reynolds umber of 153,000, any con-
clusion as to the effects of the variable factor hould be drawn with that in mind. A the 
effects at angle of attack below maximum lift have already been fully inve tigated, the con-
CILl ions given here apply to the re ults at maximum OL and above. 
40333-29--2 
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MO 'OPLA 'ES 
1. TIPs.- Diffel'ent shaped tip produce only small effects. 
2. ASPECT RATIO .- Incl'ease of a pect ratio lightly mcrea es maximum OL, and aD also 
increases at large angles. 
3. FLAP.-Moving the flap down increases maximum OL which occur at slightly lower 
angles of attack. aD al 0 increases with downward movement of the flap. 
4. PROFILE.-The Clark Y ha a much higher ma:ximum OL than the . A. C. A.-Ml. 
BIPLANES 
5. TAG GER.-Increase in tagger rai e the maxi,mum OL, and 'greatly increase aD above 
the angle of maximum lift. 
6. GAP.~Larger gap lightly increa es the maximum OL, and cau e an increa e in aD, 
although the effect are not a great a those of tagO'er. 
7. D ECALAGE.- PO itive and negative decalage have very little effect except to hift the 
lift and drag curves as a whole to one side or the other of tho e for zero decalage. 
WEEP BACK.- weep back may be con idered a a form of tagger, since the 1'e ult of 
combining a swept-back wing with a straight wing in a biplane is imilar to tagge1'ing a straight 
wing biplane. 
9. PROFILE.-The . A. C. A.- M1 winO' in combination with the Clark Y gives lower 
maximum OL than with both wing Clark Y, and the lift curve peaks are more rounded. 
10. ROTARY I TABILITY.-The autorotational characteri tics of wing systems are greatly 
affected by change in profile and in the geometrical arrangement of the wing 
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FIGURE 8.-Monoplane wings. Aspect raLio eUect. Olark Y. Ci rcular tips. FIGURE g.- Monoplane wings. Aspect ratio eUect. Polars. Clark Y. Circular 
5-incb chord tips. 5-incb chord 
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FIGURE lO.-Monoplane wings. Aspect ratio eUect. Clark Y. Circular tips. 
5-inch chord 
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FIGURE H.-Monoplane vector diagram. Clark Y. Circular tips. FIGURE 12.-Monoplane vector diagram. Clark Y. Circular tips. 
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FIGURE 13.- Monoplane wings. Flap-setting eITect. Clark Y. Flaps 20 per FIGURE 14.- Monoplane wings. Flap-sett ing eITect. Polars . Clark Y. Flaps 
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FIGURE L6.-Monoplane vector diagram. Clark Y. Circu lar tips. 
S-inch chord. A. R. 6. Flap up IS· 




















F,GURE 17.-Monoplane vector diagram. C lark Y. Circular tips. 
5-inch chord. A. R. 6. Flap down 15· 
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FIGURE lS.-Monoplane v~ctor diagram. Clark Y. Circular tips. 
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FIGURE 19.-Monoplane vector diagram. Clark Y. Circular tips. 
5-inch chord. A. R. 6. Flap down 30° 
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FIGURE 22.-Monoplane win gs. Profile effect. Clark Y. and N. A. C. A.-Ml. 
Circular tips. 5-incb chord. A. R. 6 
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FIGURE 23.- Monoplane vector diagram. N. A. C. A.-Ml. Cir-
cular tips. 5-inch cbord. A. R. 6 
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5-incb chord. A . R. 6. Gap/chord=L Decalage, O· 
ZO° 
a 
40 ° 60· 80° 
FIGURE 26 .-Biplane wings. Stagger effect. Clark Y. Circular tips. 
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FIGURE 27.-Biplane vector diagram. Clark Y. Circular tips. 6-inch cbord. 
A. R. 6. Gap/cbord = l. Decalage,Oo. Stagger, -2S'.per cent chord 
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F,GURE 29.-Diplane vector diagram. Clark Y. Circular tips. 5·inch;-chord. A. R . 6. 
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FIG1;TRI;: 33.-Biplane wings. Gap effect. Clark Y. Circular tips. 5-inch chord. 
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FIGURE 34.-Biplane "ector diagram . Clark Y. Circular tips . 
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F IGORE 35.-Biplane vector diagram. Clark Y. Ci rcular tips. 
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FIGURE 36.-Biplane wings. Decalage effect. Clark y, Circu lar tips. FIGURE 37.-Biplane wings. Decalage effect. Polars, Clark y, Circular 
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FIGURE 38,-BiplaDe wings. Decalage effect. Clark Y. Circular tips. 
5-inch cord . A. R. 6. Oap/cbord =1. Stagger,EO 
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FIGURE 3U.-Diplane vector d iagram. Clark Y . Circular ti ps. 
o-inch chord. A. R. 6. Oap/chord= I. Deealage, +30 • tagger,O 
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FIGURE 40.-Diplane vecLor d iagra m. lark Y. Circular Lips. 
o-inch chord . A. R . 6. Clap/chord = I. Decalage, -30 • SLagger,O 
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F,GURE 4l.-Biplane wings. Sweep-back elIect. Clark Y. Circular tips. 
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F,GURE 42.- Biplane wings . Sweep-back elIect. Polars. Clark. Y Cir-
cular tips. 5-incll chord. A. R. 6. Oap/chord= 1. Decalage, 0° 
WIND TUNNEL FOR E TE TS 27 
._-- ---- -:-~--=------.-.--
---- I ----- /0' '~.<::::-:.:-=-~~------------ -----------~~~.::-:-- ':~ 
! 
o 70 80 
~ 
J 
FlGURg 43.-Biplane vector diagram. Clark Y. Upper wing, swept 
back. Lower wing, straight. Circular tips. 5-inch chord A. R. 6 .. 
Oap/chord=l. Decalage, 0'. tagger,O 
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FIGURE 44.- Biplane vector diagram. lark Y. Upper wing, 
straight. Lower wing, swept back. Circular tips. 5-inch chord. 
A. R. 6. Oap/chord= J. Decalage, 0'. Stagger, 0 
o 
000°00 ~~ ~ ~O) t.o 















·i \ J. : 
' 1 i I · : 
I ! ! 
Lo I i 
I S2i! 
I !f 
I _L. ir \ .\ 
, 1\ \ . \ 
, 1\ \ ' \ \'! \, 
' I \ \ . .. 
'I : \. ;' 
-.' 
FIGURE 45.-Biplane vector diagram. Clark Y. Upper wing, swept hack. Lower wing, straigbt. FIGURE 46.-Biplane vector diagram. Clark Y. Upper:wing, straight. Lowe(wing, swept back. 
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FIGURE 47.-Biplane wings. Sweep-back efIect. Clark Y. Circular tips. FIGURE 4 .-Biplane wings. Profile effect. Clark Y. and N. A. C. A.-MI. 
5-inch chord. A. R. 6. Oap/chord=l. Decalage, 0° Circular tips. 5-inch chord. A. R. 6. Oap/cborrt=1. Decalage,Oo. Stag-
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FIGURE 49.-Biplane wings. Profile efIect. Clark Y. N. A. C. A.-Ml. 
Circular tips. 5-inch chord. A. R. 6. Gap/chord=l. Demlage, 0°. Stag-
ger, 0 
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FIGURE ro.-Biplane wings. Profile efIect. Polars. Clark Y. . A . C. A.-
MI. Circular tips. 5-inch chord. A. R. 6. Gap/chord= 1. Decalage, 0°. 
Stagger, 0 
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FIGURE 51.-Biplane vector d iagram . Upper wing, Clark Y. 
Ll)WN wing, . A. C. A.-l\!l. Cir('ular tips. 5-inch cbord. 
A. R. 6. Gap/chord=l. Decalage, O'. Stagger, 0 
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FIGURE 5Z.-Biplane vector diagram. Upper wing, N. A. C. A.-MI. 
Lower wing, Clark Y. Circular tips. 5-incb cbord. A. R. 6 
Gap/cbord=l. Decalage, 0° . Stagger, 0 
APPENDIX 
By Thomas A. Harris 
In the force tests described in the foregoing report, the dynamic pre sure was maintained 
constant at the po ition of the" ervice Pi tot." (Fig. 53.) Thi dynamic pre ure q', is a 
certain fraction of the dynamic pressure q, at the po ition of the model (with model removed 
from the tunnel), several feet down tream with the honeycomb between it and the "service 
Pitot." (Fig. 53.) In order to determine the relation between q' and q, a Pitot- tatic survey 
was conducted at the position of the model, and the" service Pitot" was then calibrated against 
this survey. 
Since this wind tunnel is of the closed throat test section type, if part of the test section 
i blocked by a model, the same amount of air must pass through the restricted area that formerly 
passed through the unobstructed section. With the model at small angles of attack, the 
blocked area is smail, but at large angles the blocking causes the dynamic pressure q", at the 
position of the model, to increase appreciably, while it does not affect the dynamic pressure q', 
at the "service Pitot." The variable dynamic pressure q", is the value from which the ab olute 
coefficients should be calculated. In the test described in the foregoing report, howcver, 
the ab olute coefficients CD and CL (uncorrected for blocking), were calculated from values of q. 
ince q is less than q", t.hese coefficients are higher than CD' and CL' (corrected for blocking). 
TESTS 
To determine the blocking correction, force tests were made on a series of rectangular 
"£lat" plates, with 3, 4, 5, 6, and 7 inch chords, and of aspect ratio 6. The upstream surface 
of each platc wa fiat, while the downstream urface was pyramidal in form, beveled 15° from 
all edges. These flat plates were used instead of airfoils because they were more easily con-
structed, and answered the same purpose. 
The force tests on these plates were made on the regular wire balance of the wind tunnel. 
(Reference 2.) Lift and drag data were obtained for angles of attack ranging from 20° to 90°, 
and the absolute coefficients (CD and CL) were then calculated. All tests were run at an average 
Reynolds Jumber of 153,000, the chord length being taken as the characteristic dimension. 
RESULTS 
The results of the force test on the flat plates are given in T able XXIX, and as curves in 
Figures 57a and 5 a. CD was also plotted again t the areas of the flat plates for the various 
angles of attack (Figure 54). These curves were extrapolated to zero area (as shown by the 
broken lines), to obtain CD' the absolute free ai.r coefficient. 
From the curves (fig. 54) it can readily be seen that: 
CD'=KCD (1) 
from which it follows that 
(2) 
Values of K were calculated for the several plates at the various angles of attack by means 
of equation (2), and by data obtained from the curves. (Fig. 54.) It is apparent that K is a 
function of the area ratio (a/A), where a is the projected area of the model perpendicular to the 
air stream, and A is the cross-sectional area of the tunnel at the test section. Values of (a/A) 
31 
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F IGURE 54.-Drag versus area of plate 
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with the corresponding values of K are given in Table XXVIII, and are plotted in logarithmic 
form in Figure 55. It was found that a straight line could be drawn through these points, with a 
maximum deviation of about 2 per cent. 
From an analysis of this line it was found that: 
K = 1 - 6.75 (a/.AY4 (3) 
This equation was plotted on regular cross-section paper (Figure 56) to be used in finding correc-
tions for OD and OL for any value of area ratio up to about 0.0 . The area ratios of the 7-inch 
chord flat plate exceeded thi value and the curve of the equation would not pa s through these 
points. A broken line is, however, faired through them. 
As (a/A) increases, q" also increa es while q' is kept constant. Therefore the lift and drag 
are both affected and the same correction applie to each. OD was used for determining the 
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FIGURE 56.-Blocking correction versus area 
ratio 
and for large angles of attack the experimental error becomes a larger percentage of the OL 
results. 
By use of equation (3) the flat plate data for chord lengths 3, 4, 5, and 6 inches were 
corrected. The values of OD, OL, OD', and OL' are given in Table L,,{IX, and are plotted in 
Figure 57 a and b, and 5 a and b, a absolute coefficients v . angle of attack, and a polars. 
The corrected points are within the experimental error of the force t est results for the flat plates. 
The limit of (a/A) for the flat plate te ts was about 0.10 . This value i safely beyond any value 
of (a/A) used in the series of wing model te ts. 
To verify formula (3), the correction was applied to the data obtained from force tests on 
two circular tipped Clark Y airfoil, of aspect ratio ,,,yjth 3 and 5 inch chords. The e data are 
given in T able XXX and are plotted in Figure 59 a and b, and 60 a and b, as absolute coeffi-
cients vs. angle of attack, and as polar . The corrected value of OD and OL for the airfoils are, 
in general, within 1 per cent of the faired curve, which i within the experimental error of the 
force tests . 




















































Clark Y monoplane. 5-inch chord. 
Aspect ratio = 6. Rectangular tips. 
q= 19. 6 kg/m2 


























CL ",, 0 
- 0.63 17 
- .651 I 18 
- .654 I 19 
- .659 20 
- .610 22 
- .542 24 
- .493 I 26 
- .467 28 
- .426 30 
- .392 32 
- .34 34 
- .37 37 
-. 371 40 
- .371 45 
- .301 50 
-.01 55 




1. 030 80 
1. 1 0 85 
1. 220 . I 90 



























Clark Y monoplane. 5-inch chord. 
A pect ratio = 6. Negative rake tips . 
q=19.92 kg/m2 
Reynolds No. = 149,000. 
CD CL ",,0 CD 
O. 643 - 0.589 16 O. 159 
.574 - .593 17 .216 
.531 - .604 1 .254 
. 496 - .62 19 .306 
. 436 - .577 20 .319 
.362 - .526 22 .362 
.311 I - .479 24 .391 .265 - .441 26 .42 
.227 - .423 28 .477 
.195 - .429 30 . 531 
. 157 - .426 33 .615 
.145 - .421 36 .65 
.130 -. 415 40 .716 
.110 - .403 45 . 80 
.032 - .254 50 .90 
.01 - .047 55 1. 005 
. 019 +. 139 60 1. 092 
. 023 . 366 65 1.172 
. 035 . 566 70 1. 237 
. 051 . 7 5 75 1. 2 3 
. 073 .98 0 1. 315 
.099 1. 130 5 1. 332 
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TABLE VI 
FORCE TE T 
Clark Y monoplane. 5-inch chord. 
Aspect ratio = 6. Circular tips. 
q= 19.90 kg/m2 
Reynolds No. = 151,000. 
{x 0 CD CL {x 0 CD CL 
- 45 O. 646 -0.626 17 O. 1 8 1. 130 
- 42 .611 -. 64 1 .246 1. 053 
- 39 .564 -. 639 19 .291 .9 5 
- 36 .511 - .637 20 .322 69 
- 33 . 434 -. 593 22 .356 03 
- 30 .369 - .522 24 .376 .794 
- 27 .307 - .466 26 .426 .7 1 
- 24 .262 - .43 2 .4 2 23 
- 21 .224 - .402 30 .552 74 
- 1 .1 7 - .33 33 .619 .906 
- 15 .153 - .391 36 . 6 72 
- 14 .141 - .402 3 .711 41 
- 13 .125 -.408 40 .733 15 
- 12 .10 - .397 45 .80 . 769 
- 9 .032 - .240 50 .904 .722 
- 6 .021 - .019 55 1.000 .675 
- 3 .017 +.176 60 1. 090 .60 
0 .021 .39 65 1. 170 .524 
+ 3 .034 .614 70 1. 240 .435 
6 .050 .813 75 1. 290 .321 
9 .073 1. 012 0 1.330 .215 
12 · 101 1.14 5 1. 360 + .09 
15 · 149 1. 172 90 1. 360 - .017 
16 · 169 1. 154 
TABLE VII 
FORCE TE T 
Clark Y monoplane. 5-inch chord . 
Aspect ratio = 4. Circular tips. 
q= 19.94 kg/m2 
Reynolds o. = 151,000. 
{X 0 CD CL {x 0 CD CL 
- 45 0.576 - 0.549 16 0.166 1. 157 
- 42 .523 - .541 17 .189 1. 157 
- 39 .475 - .523 1 .203 1. 149 
- 36 . 427 - .506 19 . 222 1. 117 
- 33 .3 1 - .479 20 . 2 7 1. 000 
- 30 .336 - .45 22 .345 52 
- 27 .2 - .427 24 .373 .769 
- 24 .24 - .392 26 . 396 .743 
- 21 .214 - .371 2 .426 .743 
- 18 .202 - .410 30 .45 .735 
- 15 .160 - .449 33 .509 .735 
- 14 . 142 - .445 36 .561 .739 
- 13 · 123 - .422 40 .642 .733 
- 12 .099 - .34 45 .744 .712 
- 9 .031 - .204 50 46 .673 
- 6 .019 - .04 55 .933 . 611 
- 3 .017 + .135 60 1.020 . 551 
0 .021 .32 65 1. 096 .473 
+ 3 .037 .513 70 1. 155 . 37 
6 .056 .696 75 1. 201 .279 
9 .0 2 70 0 1. 240 . 161 
12 . 112 1. 035 5 1. 249 + .061 
15 .144 1. 142 90 1. 246 - .057 

















































Clark Y monoplane. 5-inch chord. 
Aspect ratio =8. Circular tips. 
q=19.94 kg/m2 
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Clark Y monoplane. 5-inch chord. 
Aspect ratio = 6. Circular tip . 
Flap 20 per cent chord. 15° up. 
q= 19.87 kg/m2 






























































































































































































WI D TUNNEL FORCE TESTS 
TABLE X 
FORCE TEST 
Clark Y monoplane. 5-inch chord. 
Aspect ratio = 6. Circular t ips. 
Flap 20 % chord. 15° down. 
q= 19.86 kg/m2 

























CL ",, 0 
- 0.427 16 
-.385 17 
-.354 18 
- .320 19 
- .267 20 
- .216 22 
- .197 24 
- .171 26 
- .194 28 
-. 258 30 
- .295 33 
-. 317 36 
- .329 40 
-.302 45 






1. 305 0 
1. 400 5 



























Clark Y monoplane. 5-inch chord. 
Aspect ratio=6. Circular tip. 
Flap 20% chord. 25° down. 
q= 19.85 kg/m2 
Reynolds No.=153,000. 
CD CL ",, 0 CD 
O. 448 - 0.266 17 O. 371 
.404 -.268 1 .422 
.3 3 -. 282 19 .446 
.37 -. 352 20 .466 
.357 - .391 22 .529 
.312 -. 394 24 .5 6 
.279 - .391 26 .649 
.243 -. 386 28 .695 
.211 -. 386 30 .734 
· 178 -. 405 33 .773 
.139 -. 358 36 .800 
· 121 -.316 38 .829 
· 107 -. 260 40 .845 
.083 - .120 45 .945 
.056 +. 299 50 1. 042 
.066 .515 55 1. 122 
.07 .664 60 1. 183 
.091 55 65 1. 245 
.111 1. 01 70 1. 2 9 
· 137 1. 190 75 1. 341 
· 166 1. 396 0 1. 352 
.212 1. 450 5 1. 342 
.320 1. 264 90 1. 329 




































































































Clark, Y monoplane. 5-inch chord. 
Aspect ratio = 6. Circular t ips. 
Flap 20 % chord. 30° down. 
q= 19. 5 kg/m2 






























































































1. 35 1 
1. 33 
1. 313 
J . A. C. A.- M1 monoplane. 5-inch chord. 
A pect ratio = 6. Circular tips . 
q= 19.95 kg/m2 





























































































































































































WIND TUN EL FORCE TESTS 
TABLE XIV 
FORCE TE T 
Clark Y biplane. 5-inch chord. 
Aspect ratio = 6. Circular tips . 
Stagger = - 25 pcr cent chord. G/c= 1.0 
Decalage=O°. q= 19.92 kg/m2 
R eynolds No.=152,000. 
CD CL a O CD CL 
O. 542 - 0.542 15 0.13 1.090 
.470 - .529 16 .164 1. 075 
.417 - .509 1 .211 1.006 
.367 - .44 20 .2 79 
.31 - .453 22 .336 .771 
.272 - .425 24 .369 .743 
.231 - .39 26 .433 .742 
. 199 - .395 28 .470 .745 
.157 - .31 30 .4 4 .757 
.142 - .372 35 . 5 1 . 740 
.123 - .357 40 . 615 .655 
.103 - .33 45 . 610 . 550 
.036 - .1 4 50 .603 . 450 
.024 - .022 55 .561 .350 
.023 + .150 60 .527 . 2 6 
.02 .333 I 65 .555 . 247 
.040 .514 70 .606 .199 
.05 .695 75 .633 . 145 
.079 .860 0 . 652 .0 6 
.106 .999 5 .65 +. 029 
.128 1. 0 3 90 .657 -.035 
TABLE XV 
FORCE TEST 
Clark Y biplane. 5-inch chord . 
Aspect ratio = 6. Circular tip. 
tagger = O. G/c= 1.0. 
Decalage= O°. q= 19.94 kg/m2 
Reynolds 0. = 151,000. 
CD CI, a O CD CI, 
- ----
O. 495 - 0.49 ] 0.210 1. 06 
.449 - .42 19 .249 1. 027 
. 400 -.465 . 20 .2 6 . 971 
.343 - .441 22 .352 21 
.302 - .409 24 .393 01 
.270 -.34 26 .424 .776 
.226 - .369 2 . 463 .777 
.196 -.362 30 .505 .7 6 
.152 -.359 33 .559 .7 5 
.137 -.356 36 .610 .765 
.116 - .341 3 .633 .736 
.09 -.324 40 .664 .709 
.035 -.176 45 .726 .657 
. 025 -.017 50 .764 .5 4 
.025 + .154 55 . 791 .521 
.029 .335 60 .773 .400 
.042 .523 65 .704 .2 7 
.059 .6 9 70 .624 .193 
.082 63 75 .634 .145 
. 10 1. 009 80 .660 .090 
.135 1. 103 5 .668 + .031 
.145 1. 135 90 .664 - .032 
.163 1. 121 
41 

























FORCE TE T 
Clark Y biplane. 5-inch cho rd. 
Aspect ratio = 6. ircular tips. 
tagger= + 25 per cent chord. G/c= 1.0. 
Decalage=Oo . q= 19. kgi m2 





















. 0 2 
. 109 
.143 






































































Clark Y biplane., 5-inch chord. 
Aspect ratio=6. Circular tips. 
tagger = + 50 per cent chord. G/c= 1.0. 
D ecalage= O°. q= 19.94 kg/m2 













































































































































































































WIND TU I EL FORCE TESTS 
TABLE XVIII 
FORCE TEST 
Clark Y biplane. 5-inch chord. 
Aspect ratio = 6. Circular tips. 
tagger=O. G/c= 1.5. 
Decalage = O°. q= 19.94 kg/m2 





























































































Clark Y biplane. 5-inch chord. 
Aspect ratio=6. Circular tips. 
tagger=O. G/c=0.5. 
D ecalage= Oo. q=19.95 kg/m2 
























































































































































































Clark Y biplane. 5-inch chord. 
Aspect ratio = 6. Circular tips. 
Stagger = O. G/c=l.O. 
Decalage=+3°. q= 19.94 kg/m2 
Reynolds No. = 153,000. 
CD I CL ",0 CD 
0.547 - 0.463 14 .142 
.474 - .472 15 .177 
.398 - .446 18 .287 
.319 - .402 21 .365 
.276 - .30 24 .417 
.240 - .363 27 .475 
.202 - .356 30 .530 
.167 - .345 35 .626 
. 122 - .335 40 .690 
. 102 - .315 45 .746 
.079 - .22 50 .786 
.062 - .244 55 00 
.02 - .067 60 .7 0 
.026 + .054 65 .701 
.027 .233 70 .629 
.036 .405 75 .63 
.050 .594 0 .660 
.071 .767 85 .664 
.095 .920 90 .652 
O. 122 1. 051 
TABLE XXI 
FORCE TEST 
Clark Y biplane. 5-inch chord. 
Aspect ratio = 6. Circular tip. 
tagger = O. G/c= l.O. 
D ccalage=-3. 0 q= 20.03 kg/m2 
Reynold No. = 154,000. 
CD ('1_ ",0 CJ) 
O. 574 - 0.45 16 0.136 
.506 - .496 17 . 150 
.440 - .479 1 . 164 
.361 - .449 19 . 177 
.314 - .424 20 . 199 
.271 - .390 21 .24 
.233 - .37 24 .352 
.199 -. 375 27 .422 
.15 - .365 30 .464 
. 143 - .345 35 .562 
.125 - .323 40 .630 
.106 - .302 45 .693 
.067 - .212 50 .735 
.029 - .059 55 .756 
. 024 +.072 60 .745 
.026 .252 65 .692 
.036 .437 70 .595 
.051 .613 75 .606 
.072 .7 2 0 . ti42 
.096 .937 85 .660 




























































































WI D TUN EL FORCE TESTS 
TABLE XXII 
FORCE TEST 
Clark Y biplane. 5-inch chord. 
Upper wing- swept back . Circular tips. 
Lower wing- straight . Aspect ratio=6. 
Midspan sta~ger= O . G/c= 1.0. 
Decalage=O. q=20.02 kg/m2 
R eynolds No. = 154,000. 
CD CL I /X O CD 
O. 657 - 0.538 15 0.135 
. 569 - .549 16 .14 
.4 2 - .536 17 . 167 
. 395 - .50 1 . 205 
.340 - .469 21 .316 
.285 - .422 24 .361 
.242 -. 395 27 .400 
. 206 - .383 30 . 459 
.170 - .34 35 . 540 
.154 - .3 40 .592 
.137 - .3 45 .623 
.119 - .377 50 .624 
.038 - .207 55 .5 
.024 - . 00 60 .55 
.023 + . 135 65 .571 
.028 .312 70 .606 
. 040 .500 75 . 636 
. 057 .673 0 .655 
.079 .892 85 .669 
.105 .99 90 .684 
.123 1. 067 
TABLE XXIII 
FORCE TEST 
Clark Y biplane. 5-inch chord. 
Upper wing- straight . Circular t ips. 
Lower wing- wept back. A pect ratio = 6. 
Midspan stagger = O. G/c= l.O. 
D ecalage = Oo. q= 19.93 kg/m2. 
R eynolds o. = 152,000. 
CD CL /X O CD 
O. 510 - 0.434 15 0.154 
.473 - . 476 16 . 16 
.413 - . 47 17 .1 4 
.333 - .433 1 .201 
.2 7 - .402 19 .258 
.246 - .372 21 .343 
.209 -. 347 24 . 435 
. 177 - .341 27 .496 
.142 - .354 30 . 554 
. 129 - .359 35 .654 
.113 - .35 40 . 742 
.090 - .327 45 .804 
.031 - . 146 50 .864 
.023 + . 004 55 .913 
.023 . 155 60 . 94 
. 030 .360 65 .942 
.043 . 552 70 .886 
.069 . 735 75 16 
. 0 9 .905 0 . 727 
. 118 1. 061 85 .677 
. 12 1. 10 90 .653 
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FORCE TE T 
Clark Y biplane. 5-inch chord . 
Upper wing-swept back. Circular tips. 
Lower wing-straight. Aspect ratio = 6. 
Midspan stagger = + 50 per cent chord G/c= 1.0. 
D ecalage = O° . q=20.00 kg/m2 























CL I (X 0 
- 0.377 15 
- .448 16 
- .450 17 
- .406 18 
-.377 19 
-.349 21 
- .32 24 
-.317 27 
- .335 30 
-.343 35 
- .355 40 




- .033 55 
+. 150 60 
.343 65 
. 532 70 
. 709 75 
. 876 80 
1. 042 85 
















































Upper wing- straight. Circular t ip . 
Lower wing-swept back. Aspect ratio = 6. 
Mid pan stagger= - 50 % chord G/c=1.0. 
Decalage= O°. q= 20.00 kg/m2 
Reynolds No.=154,000. 
CD CL (X 0 CD CL 
0.629 -0.552 15 O. 140 1. 113 
.555 - .564 16 .155 1. 124 
.473 - .554 17 . 196 1. 010 
.388 - .520 18 .233 .924 
.330 - .474 21 .332 .7 2 
.279 - . 432 24 .379 .709 
.238 - .405 27 .428 .706 
· 201 - .391 
I 
30 .498 . 731 
· 161 -.391 35 .600 .73 
· 145 - .36 40 .614 .644 
.129 - .381 45 .5 3 . 501 
· 108 -.343 50 .569 .427 
.038 - . 196 55 .571 .389 
.024 - .060 60 .576 .292 
.023 + .129 67. 5 . 576 .231 
.02 .314 72.5 .612 . 176 
.038 .507 77.5 .63 . 11 
.059 . 700 82. 5 . 654 + . 05 
.083 .866 87. 5 .670 - . 007 
.110 1. 021 92.5 .729 - .072 












































WI D TUNNEL FORCE TESTS 
TABLE XXVI 
FORCE TEST 
Biplane. 5-inch chord. 
Upper 'wing-Clark Y. Circular t ips. 
Lower wing- J . A. C. A.- M1. Aspect ratio = 6. 
Stagger=O. G/c= 1.0. 
D ecalage=O° . q= 19.92 kg/m2 
























- 0.579 15 
- .625 16 
-.634 17 
- .593 18 
- .559 21 
- .529 24 
-.509 27 
- .522 30 
- .522 35 
- .51 40 
- .. ~06 45 
-' .48 50 
-- .339 55 
- .163 60 
- .017 65 







FORCE TE T 
I CD 
0.16 








































Biplane. 5-inch chord. 
Upper wing-No A. C. A. M- 1. Circular tips. 
Lower wing-Clark Y. A pect ratio = 6. 
Stagger = O. G/ c= 1.0. 
Decalage= O° . q= 19.99 kg/m2 
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REPORT NATIONAL ADVI ORY COMMITTEE FOR AERONAUTICS 
T ABLE XXVIII 
FLAT PLATES 
Area ratio (a/A ) and blocking correction (K ) as determined from tests 
3 by 18 inches 4 by 24 inches 5 by 30 inches 6 by 36 inches 
a/A K a/A K a/A" K a/A K 
0.0116 O. 997 0.0179 O. 989 O. 0281 O. 973 O. 0392 O. 953 
.0121 .997 .0215 . 990 .0336 .976 .0485 .950 
7 by 42 inches 
a/A K 
O. 0551 0.931 
. 0658 . 913 
.0144 .999 .0256 .996 .0405 .9 4 .0576 .946 
--------- - --------
.0163 .998 
. 0177 .996 
. 01 1 .997 
.0187 .997 











55° 1. 022 
60° 1. 110 
65° 1. 193 
70° 1. 260 
75° 1. 315 
0° 1. 361 
85° 1. 394 
90° 1. 399 







55° 1. 042 
60° 1. 160 
65° 1. 244 
70° 1. 315 
75° 1. 405 
80° 1. 441 
5° 1. 473 
90° 1. 488 
.0289 .996 .0453 .969 . 0651 
.0315 .98 .0492 . 947 .0707 
.0323 .990 . 0505 .943 .0726 
.0329 .988 . 0515 .942 . 0741 
.0335 .987 . 0522 .936 .0752 
TABLE XXIX 
FORCE TESTS- FLAT PLATES 
CL and CD uncorrected for blocking. 
CL ' and CD' corrected for blocking. 
R eynolds No. = 153,000 . 
(For 3 by 18 inch plate q= 55.20 kg/m2) 
(For 4 by 24 inch plate q= 31.05 kg/m2) 
(For 5 by 30 inch plate q= 20.00 kg/m2) 






3 by 18 inch plate 4 by 24 inch plate 
CD' CL I CL ' CD CD' CL 
O. 366 O. 976 O. 976 O. 340 O. 340 O. 933 
. 444 .872 .872 .432 .432 86 
.556 7 6 . 549 .549 .907 
.68 .939 .937 .691 .6 7 .944 
.7 0 .905 .903 .772 .767 .900 
.857 .816 .814 .839 .833 .816 
.930 .749 . 747 .928 .918 .751 
1. 020 . 676 .675 1. 022 1.011 .691 
1. 108 .618 . 617 1. 111 1. 097 .624 
1. 191 .543 .542 1. 191 1. 173 .546 
1. 256 . 443 .441 1. 270 1. 249 .455 
1.311 . 355 .354 1. 321 1. 299 .356 
1. 357 .250 .249 1. 374 1. 350 .250 
1. 388 . 136 . 136 1. 400 1. 372 . 135 
1. 390 . 029 .029 1. 413 1. 385 .028 
5 by 30 inch plate 6 by 36 inch plate 
O. 341 O. 957 O. 954 O. 344 O. 341 O. 950 
.423 .867 61 .436 .428 .903 
. 540 .925 .915 .581 .566 .992 
.713 .952 . 937 .719 .693 1. 014 
. 778 . 932 .914 11 . 772 .958 
41 39 . 819 . 904 . 84 .890 
. 913 . 7 9 . 765 .995 .921 .841 
1. 006 .740 . 714 1. 100 1. 006 .796 
1. 113 . 670 . 643 1. 215 1. 095 .721 
1. 188 .577 . 551 1. 322 1. 17 .640 
1. 250 .484 . 460 1. 428 1. 257 .939 
1. 331 . 386 . 366 1. 501 1. 310 .427 
1. 361 .269 . 254 1.572 1. 363 . 304 
1. 3 9 .145 . 137 1.614 1. 392 . 174 
1. 400 . 026 . 024 1. 613 1. 400 .044 
. 0 8 39 
.0962 .800 
. 0988 .791 
. 100 . 788 











































WIND TUNNEL FORCE TESTS 
TABLE XXIX-Continued 
FORCE TEST - FLAT PLATES 
CL and CD uncorrected for blocking. 
Reynolds No. = 153,000. 
(For 7 by 42 inch plate q= 10.17 kg/m2) 
7 by 42 inch plate 7 by 42 inch plate 
a O 
CD CL CD 
O. 338 O. 982 60° 1. 318 
.420 .914 65° 1. 445 
.5 4 .9 9 70° 1. 567 
.727 1. 036 75° 1. 650 
43 1. 000 80° 1. 716 
.926 .921 85° 1. 761 
1. 042 .8 90° 1. 777 
1. 195 .848 
TABLE XXX 
FOR E CLARK Y WING 
Aspect ratio = . ircular tips. 
C Land CD uncorrected for blocking. 
CL' and CD' corrected for blocking. 








. 055 I 
(For 3-inch chord q= 55.10 kg/m 2) (For 5-inch chord q= 20.05 kg/m 2) 
3-inch chord 5-inch chord 
",0 
CD CD' CL CL' CD 
0.479 O. 479 O. 6 O. 6 27. 75° O. 52 
.527 .527 .90 .907 29.70° .57 
.572 . 571 .932 .930 32. 70° . 654 
.701 .700 .954 . 952 35. 70° .742 
.807 05 .915 . 912 37.70° .795 
8 5 43 40 39. 75° 38 
.942 .939 .752 . 750 44 . 5° .916 
1. 005 1. 002 .675 .675 50. 00° .9 6 
1.0 4 1. 0 0 .602 .599 55. 15° 1. 0 1 
1. 146 1. 139 . 519 .515 60.25° 1. 1 0 
1.210 1. 202 .430 .427 65.45° 1. 260 
1. 266 1. 258 . 326 .324 70. 65° 1. 34 
1. 300 1. 290 .226 .224 75. 5° 1.400 
1. 314 1.305 .123 . 122 1. 05° 1. 446 
1. 322 1. 312 .013 .013 6.25° 1. 470 
91. 50° 1. 465 
, 
LANGLEY MEMORIAL AERONAUTICAL LABORATORY, 
ATIONAL ADVI ORY COMMITTEE FOR AERONAUTICS, 
LANGLEY FIELD, VA., July 31, 1928. 
o 
CD' CL 
O. 519 0.914 
.567 .946 
.63 .96 





1. 015 . 723 
1.095 .646 
1.160 .560 
1. 230 .453 
1. 270 .344 
1. 304 .216 
1. 322 .089 
























Positive directions of axes and angles (forces and moments) are shown by arrows 




Sym- to axis) Designa- Svm- Positive Designa- Sym- (compo-Designation bol symbol tion bol direction tion bol nentalong Angular 
axis) 
LongitudinaL __ X X rolling _____ L y--z rolL _____ cJ? u p 
LateraL _______ Y Y pi tching ____ M Z--X pitch _____ e v q 
NormaL ______ Z Z yawing _____ N X--Y yaw _____ 'lr w r 
Absolute coefficients of moment 
L M N 
OL=qbS OM=qcS ON= qfS 
Angle of set of control surface (relative to neu-
tral position), o. (Indicate surface by proper 
subscript.) 
D, Diameter. 
Pe, Effective pitch 
p(J> Mean geometric pitch. 
Ps, Standard pitch. 
pv, Zero thrust. 
pa, Zero torque. 
p/D, Pitch ratio. 
V', Inflow velocity. 
Vs, Slip stream velocity. 




(If "coefficients" are introduced all 
units used must be consistent.) 
7}, Efficiency = T VIP. 
n, Revolutions per sec., r. p. s. 
N, Revolutions per minute., R. P. M. 
<I> , Effective helix angle=tanl(~) 21l"rn 
5. NUMERICAL RELATIONS 
1 HP=76.04 kg/m/sec. =550 lb. /ft./sec. 
1 kg/m/sec. =0.01315 HPo 
1 lb. = 0.4535924277 kg. 
1 kg=2.2046224 lb. 
1 mi./hr. =0.44704 m/sec. 
1 m/sec. =2.23693 mi./hr. 
1 mi. = 1609.35 m = 5280 ft. 
1 m = 3.2808333 ft. 

